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ABSTRACT 

We sought to assess the mechanism and prognostic value of elevated troponins in 

patients without acute coronary syndromes (ACS).Background: DKA is mainly clinically 

manifested as dehydration, hyperglycemia and metabolic acidosis. Recent studies have 

suggested that there is a relationship between the severity of academia in acute 

uncontrolled diabetes and abnormal elevations in cardiac troponin-I. Heart tissue is 

particularly prone to the effects of systemic acidosis and hyperkalemia. Aim: Study 

cardiac enzyme as a prognostic factors in diabetic ketaacidosis in the absence of clinically 

evident acute coronary syndrome. Patient and methods: Seventy five patients diagnosed 

as type 2 diabetes mellitus were admitted to our hospital from January 2013 to December 

2014 were selected. The patients were divided into 25 patients only with T2DM (control 

group) and 50 patients with T2DM and DKA (study group). The levels of CPK, AST, CPK-

MB, and LDH were measured by an automatic biochemical analyzer. Then the PH index 

value was determined as follows: PH < 7.35 represented acidosis while PH > 7.45 

represented alkalosis. Results: The correlation of blood glucose levels with cardiac 

enzyme indicators was analyzed by Pearson correlation coefficients. The results showed 

that blood glucose levels were positively correlated with the levels of CPK, AST, CPK-MB 

and troponin I. The correlation of blood pH values with CPK, AST, CPK-MB, and LDH 

was analyzed by Pearson correlation coefficients. Blood glucose levels were negatively 

correlated with the levels of CPK, AST, CPK-MB, troponin I. Conclusion: cardiac 

enzymes specially CK MB and cardiac troponin I is a good indicator for mortality in 

patients with diabetic ketoacidosis .the main mechanism of elevated cardiac enzyme are 

hyperglycemia, acidosis and hyperkalemia. 
  

INTRODUCTION 

Diabetic ketoacidosis (DKA) is 

considered one of the most serious acute 

complications of diabetes mellitus; it is 

characterized by hyperglycemia, 

metabolic acidosis, and increased total 

body ketone body concentrations 
[1]

 DKA 

patients can lead to different degrees of 

myocardial injuries, and the cardiac 

enzyme is an important indicator of 

myocardial damages, including creatine 

phosphokinase (CPK), aspartate 

aminotransferase (AST), creatine kinase 

MB (CPK-MB) and lactate 

dehydrogenase (LDH) 
[2]

.  Troponin is the 

most valuable indicator of myocardial 

necrosis, but it is known that it may also 

elevate in a series of non-cardiac 

situations
.[3]

  
.
 DKA may be the initial 

manifestation of type 1 and 2 diabetes 

mellitus (DM) or may result from 

increased insulin requirements in patients 

during the course of infection, myocardial 

infarction, surgery or trauma
 [7]

. MI is a 

well recognized precipitating cause and 

the leading coexisting cause of death in 

this entity. 
[4]

. Elevated cardiac 

biomarkers in uncontrolled diabetes in the 

absence of an acute coronary syndrome 

(ACS) have been described in several 
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case reports 
[5].

 Recent studies have 

suggested that there is a relationship 

between the severity of academia in acute 

uncontrolled diabetes and abnormal 

elevations in cardiac troponin-I.
 [6]

 

Patients in diabetic ketoacidosis with 

severe acedemia and abnormally elevated 

troponin I who had no angiographic 

evidence of coronary artery disease 

(CAD), leading them to suggest that 

ketoacidemia may contribute to 

elevations in cardiac enzymes 
[7]

 Heart 

tissue is particularly prone to the effects 

of systemic acidosis and hyperkalemia 
[8]

. 

Acidosis decreases myocardial 

contractibility by affecting the excitation-

contraction coupling, and hyperkalemia 

causes depolarization of the cardiac-cell 

resting membrane potential, shortening of 

the action potential duration, and 

alterations in the conduction velocity 
[9]

.  

Despite volume depletion seen in DKA 

secondary to vomiting and reduced oral 

intake, serum potassium levels are 

typically high at presentation; this is 

because lack of insulin and the presence 

of acidosis cause a shift of potassium 

from the intracellular space to 

extracellular space which usually resolve 

with DKA treatment 
[10]

.  Thus, as a 

consequence of the acid base and 

potassium derangements, patients with 

DKA can present electrocardiographic 

alterations than can be transient and 

resolve with treatment
 [11]

.  In addition, 

the elevated troponin level is a predictor 

of poor outcome in patients admitted to 

intensive care for clinical conditions other 

than ACS
 [12]

. Between 2 − 8% of all 

hospital admissions of diabetic patients 

are for ketoacidosis, with overall 

mortality reported from 2% to 14%.
 [13]

. 

Cardiac troponin I is a specific marker for 

myocardial necrosis. Its elevation has 

been shown to predict worse outcome in 

patients with acute coronary syndrome 

(ACS).3–5 Studies have also reported 

similar findings in critically ill patients 

presenting with sepsis, pulmonary 

embolism, stroke, and renal failure with 

elevated troponin without definite ACS
 

[14].
  Diabetic patients represent a unique 

patient population that is at high risk for 

developing coronary artery disease 

(CAD) and cardiovascular death 
[15].

  

Current practice guidelines recommend 

that diabetes should be treated as a 

coronary disease equivalent and that 

diabetic patients should be managed 

accordingly. 
[16]

  Between 2 − 8% of all 

hospital admissions of diabetic patients 

are for ketoacidosis, with overall 

mortality reported from 2% to 14%.1 

Myocardial infarction is an uncommon 

but well recognized precipitant of diabetic 

ketoacidosis (DKA) accounting for 1% of 

cases. However, myocardial infarction, 

and congestive cardiac failure account for 

28% of deaths in diabetic ketoacidosis. 
[17]

 

Cardiac troponin I is a specific marker for 

myocardial necrosis. Its elevation has 

been shown to predict worse outcome in 

patients with acute coronary syndrome 

(ACS). Diabetic patients represent a 

unique patient population that is at high 

risk for developing coronary artery 

disease (CAD) and cardiovascular death. 
[21]

 Current practice guidelines 

recommend that diabetes should be 

treated as a coronary disease equivalent 

and that diabetic patients should be 

managed accordingly. 
[18]

 

 

AIM OF THE WORK 

Study cardiac enzyme as a prognostic 

factors in diabetic ketaacidosis in the 

absence of clinically evident acute 

coronary syndrome. 

 

PATIENTS AND METHODS 

Seventy five patients diagnosed as type 2 

diabetes mellitus were admitted to our 
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hospital from January 2013 to December 

2014 were selected. The patients were 

divided into 25 patients only with T2DM 

(control group) and 50 patients with 

T2DM and DKA (study group). 

Inclusion criteria:  

All patients above the age of 18 and met 

the diagnostic criteria for T2DM: fasting 

blood glucose[ (FBG) levels ≥ 7.8 

mmol/L or 2 h postprandial blood glucose 

(2hPBGG) levels ≥ 11.1 mmol/L].  The 

diagnosis of DKA was verified using the 

following criteria: combination of 

hyperglycemia (> 250mg/dL), 

hyperketonemia (elevated 

betahydroxybutyrate) or ketonuria, with 

acidosis (venous pH < 7.3, serum 

bicarbonate < 15 mmol/L or anion gap, > 

10). 

Exclusion criteria: 

 1) Patients with chronic liver disease, 

coronary heart disease or malignant 

tumors or any manifestation of lung 

disease or respiratory acidosis and 

renal impairment. 

 2) Patients took analgesics diuretics, 

statins, aspirin tablets or other non-

steroidal drugs recently. 

(3) Patients were excluded from the study 

if they had evidence of acute coronary 

syndrome in accord with the 

AHA/ACC Guidelines. 

Random blood sugar was detected on the 

day of the admission of patients by the 

blood glucose monitor (Guilin Zhonghui 

Technology Development Co., Ltd). 

Arterial blood samples were collected and 

then placed in heparin anticoagulant 

tubes. An Abbott’s blood glucose and 

ketone analyzer (Abbott, U.S.) was used 

to detect blood ketones. 

An Olympus AU5400 automatic 

biochemistry analyzer (Beckman Coulter, 

Inc., U.S.) was used to detect the cardiac 

enzyme, including CPK, AST, and CPK-

MB levels. 

Troponin I was measured laboratory 

using the Abbott AxSYM micro particle 

enzyme immunoassay. Troponin I level < 

1 ng/dL is negative for this assay). 

Patients were included in the analysis if 

they had confirmed DKA and had 

troponin I level measured while being 

treated for DKA. 

Heart-related tests were performed for all 

patients, including 12-lead 

electrocardiogram (ECG), 

Echocardiography with assessment of and 

left ventricular function by measurements 

of ejection fraction and the 24-hour 

ambulatory ECG monitoring should be 

conducted if arrhythmia occurred.  

The levels of CPK, AST, CPK-MB, and 

LDH were measured by an automatic 

biochemical analyzer.  

The PH index value was determined as 

follows: PH < 7.35 considered acidosis 

while PH > 7.45 considered alkalosis. 

Data were processed using Statistical 

Product and Service Solutions (SPSS) 

19.0 (SPSS Inc., Chicago, IL, USA) 

software. The measurement data were 

expressed as mean ± standard deviation (_ 

x ± s) and detected by t test; count data 

were represented as ratio and detected by 

X2 test. The correlation was analyzed by 

Pearson correlation coefficient. P < 0.05 

represented that the difference was 

statistically significant.  

Patients signed the informed consent. 

 

RESULTS 

Fifty patients with diabetic ketoacidosis 

compared to 25 patients with type 2 

diabetes and we found no difference 

regarding to age, male sex. Normal 

echocardiography of both groups with 

significant difference regarding to 

ejection fraction was found. No 

significant difference regarding to serum 

cholesterol; level of both groups. Most of 

diabetic ketoacidosis group has normal to 

high body mass index in comparison to 
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control group which has normal to low 

body mass index. 

Cardiac enzymes indicators of patients in 

both study and control groups were 

compared and the results showed that the 

levels of CPK, AST, CPK-MB, and LDH 

in the study group were significantly 

higher than those in the control group. 

 After the comparisons of blood glucose 

levels and blood pH values between the 

two groups, it could be found that the 

levels blood glucose in the study group 

were significantly higher than those in the 

control group (P < 0.05), while the blood 

pH value in the observation group was 

significantly lower than that in the control 

group. 

The correlation of blood glucose levels 

with cardiac enzyme indicators was 

analyzed by Pearson correlation 

coefficients. The results showed that 

blood glucose levels were positively 

correlated with the levels of CPK, AST, 

CPK-MB and troponin I. 

The correlation of blood pH values with 

CPK, AST, CPK-MB, and LDH was 

analyzed by Pearson correlation 

coefficients. Blood glucose levels were 

negatively correlated with the levels of 

CPK, AST, CPK-MB, troponin I. 
 

Table: 1: comparative study between study and control 

group regarding to clinical data: 

Data 
Study 

group 

Control 

group 
T test p.value 

Age 50±15 55±18 -1.197 0.1196 

Male 26(52%) 12(48%) 0.10 0.744 

Smoker 35% 32%   

Body mass 

index 
32±4 27±3 6.063 0.0001 

Systolic 
blood 

pressure 

140±20 120±15 4.85 0.0001 

Diastolic 

blood 
pressure 

90±10 75±5 8.66 0.0001 

Ejection 

fraction 
35±25 40±23 0.86 0.196 

 

 

 

 

 

 

 

 

Table (2): comparative study between study and 

control group regarding to laboratory investigations. 

Data study group 
Control 

group 
T test P value 

blood sugar 620±210 180±40 14.3 0.0001 

PH 7.1±0.1 7.37±0.2 -6.36 0.0001 

Anion gap 27.5±7.4 12.6±4.9 10.46 0.0001 

Bicarbonate 8±4 22±3 -16.98 0.0001 

Sodium 140±4 141±3 -0.213 0.1145 

Potassium 5.5±0.9 4.5±0.5 6.178 0.0001 

Cholesterol 190±15 180±10 3.015 0.997 

Blood urea 66±22 32±12 8.654 0.0001 

Serum 

creatinin 
2.3±1.2 1.2±0.4 5.86 0.0001 

 

Table (3): comparative study between study and 

control groups regarding to enzymogram: 

Enzyme 
Study 

group 

Control 

group 
T test p.value 

AST (24)48% 2(8%) 11.77 0.006 

Lactic 

dehydrogenase 
22(44%) 3(12%) 7.68 0. 0558 

CK 19(38%) 2(8%) 7.44 0.06377 

CK MB 16(32%) 1(4%) 7.454 0.0632 

High Treponin 
I 

14(28%) 1(4%) 6 0.014 

 

Table (4): correlation between blood sugar and cardiac 

enzyme: 
Item r p 

CK 0.415 0.0027 

CK MB 0.399 0.004 

Treponin I 0.412 0.029 

AST 0.390 0.005 

LDH 0.355 0.0114 

 

Table (5): correlation between PH and cardiac enzyme. 
Item r p 

CK -0.510 0.00015 

CK MB -0.500 0.0022 

Treponin I -0.505 0.0018 

AST -o-503 0.0019 

LDH -0. 365 0.009 

 

DISCUSSION 

DKA is one of the serious complications 

of DM. Cardiac complications during the 

course of DKA include arrhythmias (due 

to electrolyte imbalance), acute MI, 

pulmonary edema and cardio-depressant 

effects of acidosis 
[19]

. 

In DKA, metabolic disorder, shifts of 

fluid, tachycardia, and increased 

sympathetic tone may lead to focal 

myocardial necrosis and troponin I 

release due to cardiac ischemia from 

supply mismatch due to high demand, 

especially in patients with coronary artery 

disease 
[20]

. 

Severe acidosis can cause negative 

isotropic effects and vasodilatation. 

Acidosis can promote intracellular free 



AL-AZHAR ASSIUT MEDICAL JOURNAL  AAMJ ,VOL 13 , NO 4 , OCTOBER 2015 SUPPL-2 
 

358 | P a g e  

radicals damaging cell membrane. Free 

fatty acids can also be responsible for 

disruption of myocardial plasma 

membrane by both direct and indirect 

effects 
[21]

. 

Severe acidosis inhibits the interaction 

between calcium and contractile proteins, 

leading to myocardial stunning. 

Proteolysis and stunning both increase the 

serum level of cardiac enzymes 
[22]

. 

Insulin plays a major role in regulating 

the balance of metabolic demands 

received by myocardium 
[23]

.  

In insulin deficiency and acidosis, 

increased amount of fatty acids leads to 

beta oxidation and use of pyruvate 

oxidation in cardiac myocytes
 [24]

.  

Insulin deficiency and high levels of 

ketones and free fatty acids inhibit 

glucose uptake and utilization. Therefore, 

long chain fatty acids lead to a switch in 

Krebs cycle which causes excessive 

production of free radicals enhancing 

damage to myocardium 
[25]

. 

AST is a relatively important 

transaminase mainly distributed in the 

cardiomyocytes and liver. When the 

tissue is damaged, the serum AST 

concentration increases, so it is used as an 

indicator of disease diagnosis and 

prognosis. CPK-MB is a dimmer of two 

subunits of creatine phosphokinase (CK), 

which is mainly distributed in the 

myocardium and its serum concentration 

increases when the myocardium gets 

injured. When DKA occurs, the 

hypertonic state of hyperglycemia can 

lead to ischemia, hypoxia and myocardial 

injury
 [26]

. The results of our study showed 

that the levels of CPK, AST, CPK-MB 

and treponin in the study group were 

significantly higher than those in the 

control group (P < 0.05). 

The interpretation of cardiac biomarkers 

is complex in DKA, which are due to the 

acute coronary syndrome can be the cause 

and also the consequence of the DKA. 

Myocardial infarction is the most 

common cause of death in DKA 
[27]

. 

Troponin I elevation has been shown to 

be predictive of worse outcome in 

patients with and without acute coronary 

syndrome 
[28]

. 

 The incidence of troponin elevation in 

critically ill patients without definite ACS 

may be as high as 34% and is associated 

with increased major adverse cardiac 

outcomes 
[29]

. 

Metabolic derangements, fluid shift, 

tachycardia, and increased sympathetic 

tone may have triggered focal myocardial 

necrosis and troponin I release 
[30]

.  

Troponin release secondary to acidosis in 

DKA has also been reported. troponin I 

levels was higher in patients with pH < 7 

and correlated negatively with blood pH 

and bicarbonate level 
[31]

. 

Patients presenting with elevated troponin 

in the cases of acute medical illness 

without evident acute coronary syndrome 

represent an important group because 

these patients have been shown to be at 

high risk for future cardiac death 
[32]

.the 

previous results was in agreements with 

our study as the mortality rate is higher in 

trponin positive patients than patients 

with normal trponin level. 

PH and intracellular calcium interact in 

complex ways. Following severe 

acidemia, intracellular calcium is 

increased by changes in transmembrane 

ionic motion at the sarcoplasmic 

membrane and sarcoplasmic reticulum 

Serum pH 6.9 was demonstrated to be 

prognostic factor for elevations in serum 

troponin. The patients with elevated 

trponin did not have angiographic 

evidence of coronary artery disease but 

had serum pH values of less than 6.9 

during DKA has increases in trponin 

concentrations are also observed in some 

adults without any demonstrable 

underlying atherosclerosis
 (33)

. The 

previous results were in agreements with 
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our study as there are high significant 

difference between study group and 

control group regar5ding to trponin level 

and PH level. 

A mild increase of AST and/or ALT is 

sometimes observed among patients with 

diabetic ketosis or diabetic ketoacidosis 

(DKA) and the exact mechanism is still 

unknown. The fat deposition to the liver 

might be one of the causes of the mild 

increase of AST and/or ALT after initial 

treatment of insulin in diabetic ketosis or 

DKA
 [34]

. The previous statements were in 

agreements with our results as there was 

high significant difference between study 

group and control group regarding to the 

level of AST, CK and CKMB. 

 

CONCLUSION 
Diabetic ketoacidosis is a major health 

problem with high mortality if not treated. 

acidosis and low insulin , fluid shift and 

hyperkalemia cause cardiac muscle injury 

leading to increase of cardiac enzymes 

AST,CK,CKMB and serum troponin . 

The level of cardiac enzymes is 

negatively correlated with PH. the 

mortality rate is high in patients with high 

cardiac enzyme level than in patients with 

normal levels.  
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